9/3/52
Purpose

OP, Dog.

Total Perfusion <:L\;}§S§>

- To effect the extra corporeal oxygenation of the dogfs
circulation with an attempt of survival. -

# 159 - 18 Kilo Male.
Donors and Op, dog cross matched. Compatible. (35 mpm. heparin
per 1 liter of doner blood used)

Procedure: The femoral vessels exposed in wusual manner. Chest was opened
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on the night side only.

Chest open.,

Art, strain gauge in AP 180/130 VP 11 mm Hg,

SVC cannula in AP 180/130 |

Respirator failed- not recognized at first - AP up to 250/150
Respirator repaired. AP 119/150

Partial perfusion (SVC only) started AP dropped to 120/80
in a peried of three minutes. Flow 800 ce/ min.

Flow 500 cc/min. AP 180/100
IVC cannulated
Flow 1300 cc - 6 discs on AP 150/80
8VC and IVC tied around cannulae. Flow 2000 ce/min, HP 140/70

Respirator was turned off. Flow 2200 cc/min. Poor oxggenation
PE 7.0

50 cc of NaHCO3 given rapidly. AP 130/70- Flow 2200 ce/min,
Flow 2400 - AP 125/65 Neo-S slow drip on.

NaHCO3 slowly in.

SVC tie looesened. Flow 1700 cc AP 140/70 - VP 14 mm Hg

IVC tie loosened. Flow 1500 cc¢ respirator on. AP 140/70
IVC cannula out., AP 175/125

Flow 1000 cc AP 160/125 VP 1% mm Hg.

SVC cannula out. Stop perfusion AP 175/80

AP 200/125

Chest closed in usual manner., Dog in poor condition. Very little
bleeding into the chest.

30

TP,

M. Dog awake.

During the night: Domp on continous suction applied to the righ chest
cavity. 250 mgm. terramycin Q4H IV

NaHCO
3 20 ee Iv



Continuation of 9/3/52

700 cc NaCl IV - Oxygen vialcatheter
500 cc 5% G/W in the morning.
This dog had/MS 3 gr.\Q4H during the night.

& 1/56 gr.cA

In the dog up and about taking milk by mouth. Continued on antibiotiecs
Returned to cage at night. Dead in morning. Post mortem showed pleural
effusion and massive pneumonia more on the right side. This dog

had distemper to start with.

Observations:

Team work was running smoothly. It seems to be
advantageous to open the right chest ohly. It means less
surgery and so far less post op. bleeding. Post operative
care seems to be of vital importanece., We feel that
having a healthy dog to start we would have had a
permanent survival. This dog was alive for 40 hours

after perfusion., This time we used less heparin (20 mgm
less) and we had no clets on the machine.

L—O\&--\_D o o

1

e
S&wm'e.! e PAL L Rk VHC{/Q.» \ PL.H S i & .

B, o) TR | 47 % (e R
B | L 75 Mpid Laier b g 1

4 £ 62
G 4 ool
e £

|

| 2.2
44 \

|

Wil ol d §oog

Prete . ey Soaprl 10 bl | A8 [ Setiing |

C A Finne

ISO’/CQ - oot drme & ua

C.gu:l-w 0 L\‘}Zo* L Z’M,h\

\

M-—Q 2 cc /r’Lo/VL,

PRSI T
VL L%ﬂgﬁ" ’



9/10/52LTota1 Perfusion

: game as 9/3/52
ProcedureSame as 9/3/52

Ope. dog #162 17 Kil® and donors cross matched. Found
compatible (MS and HS used.)

This dog was cannulated as on 9/3/52. Femoral arteries were
very small in this dog and only a small return cannula

could be used. No adequate arterial return could be obtained

during the course of the perfusion. The machine worked
satisfactorily. 1In conclusion the experiment was a failure.

In the future it would be advisable to return the blood through

both femoral arteries and record the arterial pressure from

the internal mammary artery.
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[%/25/55/ Meckanism for Contﬂblling the otroke Output of the Pump- Yo/l
/ J Oxygenator by the Arterial Blood Pressure of the Patient.

As the blood pressure of the subject increases,the mercury rises in the
left hand column closing the electrical contacts in the rubier tubing.
This is connected to the Huntlng Motor relay causing the stroke volume to
derreagse. When the patient's bloed pressure decreases,the mercury column
falls away from the contzcts and the current is opened reversing the
~xelay and causing the Hunting Moter te increase the stroke valuma,

a1 this manner itwas hoped that the blocd pressure of the subject could be
maintdined at a constant predetermined level. The deviee was mounted on a
whegl 1in order tc facilitate changing the destred arterial pressure; rctating
the wheel clockwise would set the pressure at a higher level, courter-
clockwise, at a lower level.

This device did not work because there was no damping ﬂechanism in the
system, the pulse shooting the mercury out of the tube,
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9/30/52
HunhtingSMotor Centrol for Fump-Oxygenator

This device schematically illustratéd on the previous page
was designed the regulate the arterial stroke volume by the arterial
bleod pressure of the subject. It was designed to previde the
damping effect that was lacking tn the design of 9/25/52. The U-tube
ABC is filled with mercury from the mercury reservoir H by opening
ctamr-~h and by allowing air to ezcape through tube I. All air must
be removed from under the rubhber diaphragm. The pressure at which
the mercury swithh will be opened or clesed will depend upen the .
height of the mercury column BC. The remginder #f the closed system is
filled with sterile saline, all air being removed from the tubing.

Calibration: The device is calibrated by filling the system
as described and by attaching a mercury manometer te E,F, or G. and
placed at the same level as that ordinarily occupied by the patient.
By increasing the pressure within this csystem ¥W§th a syringe filled
with saline and attached to E,F or G, it is possible to produce
various pressures as determined by reading the mercury manometer.
For any given pressure on the manometer it will be possible to alter
the amount of mercury in the mercury column ABC so that the mercury
switch will just triép at that pressure. A mark is plased along the
column BC for that pressure. This is repeated for several different
pressures until a sufficient number of peints are obtained.

Operation: The device is filled as decribed after being sterilized
with formaldehyde solution overnight. The device is set for any
desired mean arterial pressure by allowing Mercury from the reserveoir H
to flow up to the proper mark on column BC,



10.1.52 Total perfusion

PurposesPerfection of the teamwork.

Procedure:As usual - with operative approach through the
right chest only.

Deners: #156 - 19 Bils - 1000 €8 Biesd
#16t - 13 Kile - 850 ce
#60 - 13 Kile - 600 ec

The bleeding was performed under local anesth.using 1% procaine
The dogs were heparinized previously to bleeding using 3 mg/Kg.
This was performed in order teo eliminate the amount of Nembu-
tal from the doner bleod te aveid the excessive depression

of the op.animal.

Op.deog: #,63 - 22 Kile

Nembutal anesth.25 mg/Kile I.V.

MS gr.1/4 AS gr.1/50
After the femoral arteries were exposed and the chest opened
the dogs respiration became tugging.Ilt was noted that the
endotracheal tube became disledged with the respirator/The dog
was giuwen MS gr.1/% in an attempt to quiet down his respiration
with no successThe dog died on the table mainly because of
severe anoxia,The inspection ef the Dennis respirator s§howed
the main flapp valwe not clesing preperly.

Autopsy findings:Pulmonary edema and acute dilataticn
of the heart.

Consequently the respirator was rebuilt.Sericus consideration

was given to the pessibility of discontinuing the use of the
respirator.
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October 2,1952 /Qt e

Total Perfusion. N hﬁ§

Purpose:To investigate a new method of contrelling the arterial
output of the pump oxygenator by means of a device which would
regulate the stroke volume of the arterial pumps in accordance with
the arterial pressure of the dog.

Dog:# 119 - 15 Kg. .

Following the unsuccesful. attempt at perfusion on the previous
day,it was decided to perfuse an animal on.1l0.2.Denor blood which
had been drawn on 10.l.was used for this experiment.The blood was
stored in the refrigerator after adding 250 mgm,Terramycin in te
each 1iter.

Premedication: MS gr.1/4% AS gr.1/50
IV Sodium nembutal 7.0 cc

Procedure:Dog positioned on left side c.right side up.

Femoral vessels isolated in usual manner.Chest entered after removing
4th rib.Azygos vein,SVC,IVC dissected free.Pericardium opened.I.V.
infusion begun in rt.femoral vein - 5% Glucose.l.5 cc heparin
administered.

12.05 - Rt.femoral artery cannulated and connected to Strain gauge
BP 140/100
12.30 SVC cannulated BP 120/90 y :
\'12.h5 Arterial pressure control mechanism connected BP 160/110
12,49 Machine on BP 110/75
y Flow 500 cc. Art.pressure vacillating markedly,varying from
205/175 ‘to as low as 90/65.Art.control mechanism set at 125mmHg

s 12,53 Flow 1500 ce/min/BP 175/120. - 120/60

s 12,54 Flow 1000 cc/min.Level in the machine high.Venous stroke
decreased.

12,56 Flow 1200 cc/min.BP steady at 150/95.Subsequently adrterial
pressure . began fluctuating and fell te 100/60.It was noted
that the level in:the cup had fallen to the point where air
had beenintroduced into the arterial cannula,whilk the
level:iriithe U tube level indicater was still high.The sole-
noid did net function.A clot had formed in the tubing cennectir
connecting the level indicate® .to the collecting cup.
Machine chut off.Bubbles aspirated from arterial tubing.
BF fell from 160/125 to 90/65

1.00 BFP stabilized at 1:+0/100

X g

1.02 Machine on.
\1.05 Flow 1500 ce/min BP 140/100
1410 Rt.atrium opened.However,the IVC was not cannulated,because

it was believed that the animal had suffered air embolism.

From 1.05 te 1.21 BP maintained constant at 150/100
1:21 Machine off.Rt.atrium clesed,cannula removed from SVC,azygos
ligated.Art.cannulas removed.Wounds closed in layers. :
a0 3 cc protamine given I.V,

Post.op.: welght:l?7 Kile
250 mgm Terramycin I.V.q.“ h.

5«29 525 cc blood aspirated from chest.

6,05 120 cc aspirated from chest



‘Dog expired at 6 AM the following day.
Autopsy - gross - Moderate atelectasis rt.lung.No air found in coronary

arteried.

Micro: Emphysema,pulmonary congestion.,
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10/7/52

METHCD FOR @ NTROLLING ARTFRIAL FUMF MOTOR SFEED B: THE LEVEL OF THE
ARTERIAL BLOOD PRESSURE OF THE SUBJECT.

Purpose: The purpose os to develop a manometric system applicable to
the sensing unit of the 8hoenfeld modificatien of the Enslein electronic
contrel unit mounted on the new D-S-K pump-oxygenator.

_Method:

H

I A

¢

A system of glass tubing, rubber connections and ¢lamps was
constructkd as illustrated above.

The arm of the U-tube, B, was mounted in the %lot precvided in the
sensing unit of the Enslein control circuit, so that the tubing was in-
front of the photoelectric tube window, W. For the purpose of this
experiment t e critical level pheteelectric tube was not used.

A small afr vent, C, 1s at the upper end of arm, A, for the
rurpose of damping the swing of mercury due to the arterdaal pulse.
Arm D is for the purpose of draining mercury. Arm E is used to
admit mercury to the system and to let out air trap ed in the system.
The apparatus is sterilized with 3% formalin by admitting the solution
through arm F or G. and connections clamped. After calibration, the
Rercury manometer H is removed. Bkefore use a sterile wash battle
is connected to opening B and the connection G is connected to the
glass adapter deading to the arterial cannula. (The tubing may be £dA
connegted by means of a T-tube to the $ame cannula used for the strain
gage.

Calibrations

The U-tube is filled with mercury through E and the system is
filled with 3% formalin, with a mercury mancmeter H attached 5s shown.
A syringe filled with 3% fcrmalin is attached to F and pressure apprlied
to the system until the manometer H reads 125 mm Hg. when the mancmeter
H is placed on the OR table ( same level as the subject) The U-tube
is shifted up or down se that the level of the mercury B is at the
same level as the middle of the FPhotoelectric tube window W.
The Manometer H 1s t en removed and the tube clanped.



The appratus is now calibrated for operation at 125 mm Hg mean
arterial pressure.

Operation: The t' e Thy-Mo-Trel poteniemeter 3P set as low as possible,
and the LP potentiometer of the Ensléin circuit properly set for full
range of response by the smmsing unit, the arterial side is set to

run at a moderate rate, allowing tor a sufticient range zbove anq,below
thiés basic rate.

The pump stroke on t e arterial side must then be set manually so X
that the actual amount of bleed returned will bhe just sufficient to cause
a ride dn the arterial pressure when ti.e motor speeds up and a fell
when it slows down..

Conctusions: Preliminary studies with this apraratus using water and
syringe to simulste arterial pressures and pulsations indicated that
the respmmse of the lThy-Mo*trol motor wss satisfactory.

Further studies with tiis appamatus are §ustified and this
methed will be used in the next perfusien.



Octeber 21, 1952

Effect of Aqueous Extract of Dried Nylon Glue on the Dog
When Given Intravencusly.

Furpese : It was noted that the Nylon Glue, wsed in plugging the bases
of the Nylen shuttles made for the DSK heart-lung machine, appeared

tc soften and spread when autoclaved. The purpose of this experiment
is to determine if any seoluble substances are yresant in the glue which
might be deleterious te the perfused subject.

Method: One gram of Dulent Nylon Glue was disselved in 1/% gram of

the solvent, placed in a drying oven until all the volatile material -

was evaporated. The dried glue was mixed with distilled water and

boiled slowly for approximately five hours. The flask was then

placed in a refrigerater for reheating the next day. The fellewing
momorning the material was boiled slewly fer an hour, filter hot,

and stetrilized by boiling feor 20 minutes.

The material was then injected inte dog #B, a 10 kgm. Mengreel

aseptically. 5cc was injected intravenously at 11:10 AM. The selution

was light amber in cecler and clear.

Contrel Bloed Sample at 3 hr. Sample at 5 hrs.
WBC 12,700 9,900 12,000
RBC 5.75 millien 7107 million 6.83 million
Differential 100 cells ceounted :
Polys 52 67 65
Lymphs 32 27 25
Ecs L 0 0
Baso 1 0 O
Monos i & 1 10
Flatelets Adequate Adequate Adeguate

The serum of the antrel bleod was clear, except for a small
amount of hemolysis. The serum of the 3 hr. sample was very turbid,
with a very slight amount of hemclysis. The deg had not eaten, but
the serum appeared very chylous. The serum of the 5 hr. sample was
slig tly less turbid and there was no hemolysis.

Clinically the gog apneared normal.

Proteins Studies:
Albumen Total A/G Ratio

Control 2+9% Ti15 070
3 hour 2.39 790 0,58
5 Hour 2e-30 R - Pk 5. 4 D53

It was also observed that the smears used for the differential
white cell count had a very bluish background oft-n seen when the
globulins are high, se it was not surprising when the high globulins
were reported. There was no rouleaux formation.

Summary and conclusions:
l. The turbidiiy of the serum fellowing injection of the extract is
unexplained, nor are the results of the protein studies.
2. Inasmuch as the dog remained well cinically in spite of the fact
that it recégved a large amount of the extract, the glue is
considered safe for use on the shuttles.



DSK Pump Oxygenator 1952

By the first of May,1952 the project te construct the new Pump
Oxygenator had progressed beyond the planning and purchasing phase
and construction begun.

The basic problem was to produce a machine that could be auto-
claved.All metallic parts coming in contact with bloed were made
of stainless steel(Type 303) because previous tests demonstrated that
other substances were unsuitgble,elither because they were texic or
could not withstand auteclaving(Kell-F,Nylen,Teflon

The general principles of the machine are essentially the same as
those in the 0ld machine except for the independent drive mechanisms
for the arterial and venous pumps.The contrel mechanism is’ entirely
different.In this machine it is possible te alter the stroke volume
by chnging the stroke length manually on either the arterial or venous
sides.The speeds of the arterial and vencus pump moters can be controllec
manually.In additionthe speed of the art.pump motor can be regulated
automatica}ly by an electronic sensing unit.All parts which come inte
contact with bleed are mounted on a removable base,which can be placed
into an autoclave.Tygon tubing and pyrex glass are used for all con-
nections.

For details of construction see the diagrams ..

To date certain aspects of construction and design have nob been
satisfactorily worked out. Théseinclude: Antibubbling device for the
collecting cup, distributing system for the Jets, flowmeter, critical
level control for use when operating arterial motor on the subjects
arterial pressure. These will be described more completely under
separate headings.



October 21, 1952 : :
Effect of reducing bedy temperature on the cletting time of bloods &

Purpose:To investigate-The hypothesis that reducing the body temperature
will prelengcthe clotting time of blood.

-Prgceduré:ld Kilo ‘dog was anesthetized with 5 cc sodium nembutal I.V.
and placed in a milk cooler at 5 degree C.

Time _ : Temp. o Clotting time
Control - 138 F1 104 min

% hr 34.5 ; 3% min
3 comeq LI, 37,5 | P i

Comment: The body temperature was not lowered sufficiently to test the
higpothesis.The dog shivered markedly throughoeut the experiment.
It will be repeated using curare to prevent shivering.



November 4, 41952

Air embolismi

In process of trying out the new pump oxygenator with water it was

noted that as the water flewed inte the collecting cup numereous small

and large bubbles of air were formed.at the air-water interface and were
carried down to the bettom of the cup and inte the tubing te the arterial
pumps. These observations were possible because the collecting cup is
made of pyrex glass. Subsequently when bleed was pumped through the machi:
the same phenomenon was observed. Inasmuch as the general construction
of the tank and collecting cuppn the old machine was the same as on the
new, it must be assumed that bubbles were also formed in that machine.
However, since the collecting cup on the old machine was madeffenameled
metal, these bubbles passed unnoticed. It is believed that air embolism
occured in each perfusion and most likely was responsible for many of the
deaths which occured. -

Several metods of eliminating the bubbles were tried.

1.Cone shaped funnel leading from the bottom of
the tank te the side of the collecting cup plus
// a vertical baffié on the bottem of the cup.
This arrangement was unsatisfactory because
bubbles were still formed at the bettom of the cor
cone and were carried over and under the baffle.
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2. Vertical spiral whose outer edges fitted closely
with the wall of the collecting cup.This worked
satisfactorily and it was decided to use it int
Bhe new machine.The blood level schould be main-
tained above the halfway mark.



o
3. Vertical spiral as in 2 plus a second coll ~-
ting cup with vertical baffle.
The second cup was proposed as an added safe-
guard to prevent possible embolism.This would
require an additional 3oo cc of priming bleed,
but it is felt that the safety of the patient

is more important thabh the cost of the operatia
This device hasfi't as et been tried.

To o qucu-ﬁr
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November 5, 1952
Filming studies on the 50 cm discs:

The machine was primed with freshly drawn heparinized deg% bloed.

The discs were revolved at varying speeds while the blocd was pumped
throygh the jets.It was observed thet filming was satisfactery without
additional measures such as sweeping the jets across the radius of the disc.
At speeds below 48 RPM the blood flowed to the outer edge of the disc
at 7 o'clock and off into the tank witheut spreading evenly over the disc.
At speeds above 50 RPM filming was even but bleed was hurled from the edge
of the disc onto the tank and its cover. From these observations it would
appear that the optimal speed of rotation is 48 RPM.



November 12, 1952
Distributer for DSK Pump Oxygenator

PURFPOSE:
To develop a distributer for venous bleod onto the discs in
the oxygenator of the new DBK pump-oxygenator.

At the present time it has not been possible to develop cams
which will deliver reliably a constnat flow of venous bloecd to the
oxygenator screens. DBecause a uniform filming of blcod on the
screens is dependent on a relatively constant volume flow from each
of the jets a method of obtaining a censtant flew has to be devised.

Secondly, it was noted that if the venous bloocd flow was pulsatile,
Blood drained out of the jet tubing during diastele, which caused
greater mixing of air and bleoed and increased feaming.

METHOD: : )P 35 edlnplors
, o gl <
S 7-/*@{;//”;/ 777173)f

The Fenrose tubing shown is approximately 10 cm long and acts
as an elastic reservoir during systole and as a collapsable valve
during diastole.

CONCLUSIONS:

Althoug’ this method did not produce a steady flow, it was a
considerable improvement over direct streaming of bloocd rom the
venous pumps. No air entered the jetg tubing during diastole.

The impression was that this method @d sufficiently satisfactory
for use on the new machine and an order was placed with the glass
blower for a Pyrex glass medel of the distributar,
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November 12, 1952
CRITICAL LEVEL CONTROL FOR DSK FUMP-OXYGENATCR

PURPOSE:

To develor a critical level step for the DSK pump-oxygenater
to prevent air embolism in the subject.

For the first perfusien on the new DSK machine, a method of
automatically stopping the arterial pump motor when the level of
blecd in the reservoir fell to a low level had to be devised.
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CONCLUSIONS: This apparatus is sufficiently reiable to be used
with the machine for the first perfusion.

This apparatus is not a satisfactory seccndary

blood reservoir because the switBh goes on and off with small changes
in the level.

The stopcock can be used to admit more air and lower
the level of the bleood in the cup and use it as a manually controlled
reservoir, although this is nct a satisfactory method during
an actual perfusion.

It was furthe noted that this apraratus acted as a
secondary bubble trap during a perfusion.

While this apparatus requires too much blood for a
critical level step, it i1s sufficent for early perfusions on the
machine. Dr. Dennis desires a methed of having a critical level
stop as well as a secondary blecod reservoir in the same unit.
Further thoughts aleng this line are needed.



Nevember 14, 1952 Partial perfusien

Purpose:To test the new model of the DSKFPump eoxygenator for the

first time.At the time of ‘this experiment the permanent bleed distri-
buter was not available,and a temporary one was used.The arterial
pump motor was controclled by the arterial pressure of the dog as
described in protocel eof 1C/7452. Critical level comtroel as described
on 11/12/52 using two collecting cups was used.

Procedure: Machine was assembled en 11/13 using Tygen tubing. It was
than taken te E Building at KCH and auteclaveff for 1/2 hr.Felleving
autoclaving it was found that most of the connections wherein it had
been necessary to stretch the tubing in erder te slide it en te 'the
glass or steel part,had split .These connections which fitted easily
were not a¥fected by the heat.The split tubing was remeverd and re-
placed c.unheated Tygon.Machine filled c.formaline as in the older
model.

On 11/1% blood was drewn from two dogs using 1% procaine anesth.
3 mgm/Kg of heparine 15 minutes prier to doing cut down was administe-
red.#”3 liters of blood was obtained.

Suject dog:# 14+ 20 Kile received MS er.1/% AS gr.1/36
Anesthesia: 10 cc Nembutal IV

Dog prepared and draped in the usual manner.Both femorak arteries

and veins exposed.Left external jugular vein and left common caretid
artery exposed.Extensive dissection was needed to expese this latter
vessel/.Five mgm./Kg heparin ,for tetal of one hundred mgm administered.

. Common carotid cannulated and connected to the straingauge and teo the

arterial pump motor contrelmechanism.

3:10 PM left external jugular cannulated with Polyethylene cannula
BP 130/1C0

3:15 Right femeral vein cannulated

3:20 Femoral art.cannulated.BP125/12e¢

3:31 - Machine oen,blood pressure dropped immediately to 15 mm Hé where
it remained for éS seconds.It was than notieeff that there was a clamp -
on the arterial tubing.This was removed anddthe Pressure rcse.instantly
te 115/100. V

3:38 100 cc bleed transfused.BP rose to 150/125

3:%3 BF 110/90 COofleow increased to 5ee cc /min.
50 cc bleod transfused. 5 cc Neo-Syn given (lcc of NeeS in 1COcc Gluc)

3:45 BP 150/125 , venous return poor (ne flowmeter)
3:48 100 ce bleed transfused,BP 115/85 . During this peried the cri-

tical level contreol was hunting,turning the art.moter on and off at
about 2 seconds intervalls.,



3:51 Criticel level controll still hunting.BP 125/80
3:53 Nee S drip en.BP 125/80

3:54% Neo S off.BP 125/80

3:55 Critical levelcontroel stepped hunting,BP 150/120
4:00 Artefial pump stroke decréased,BP fell to 125/100

4:02 Sensing unit potentiometer adjusted teo give greater voltage
from the phot cell.BP 110/100

4:05 Arterial stroke decreased, BP 75/70

4306 5 cc of Neo S given,Bp 75/70

%4:08 150 cc transfusion BP reose to 225/200

%:15 BP 175/170

4:20 BP 100/95

4:26 Venamus pumps stopped

4:27 Arterial pumps stopped.BP rese to 180/160 and than gradually
declined to 110/90 at 4:41 when the arter.pressure cannula was re-

moved. 5,5cc Protamine given.

Inguinal and neck incisions closed. During the experiment there was
considerable oozing of bleed from the neck.This continued pest ep.

7:PMDog awake but does not meve. 500,000 Un.Crgstacillin given
11:00 PM Dog alert,moaning, does not move, 500,000 Un.Crystacillin
Dog found dead on 11/15/52

Autepsy findingss
l. Coensiderable amount of bleod arond neck wound

2. Petcchial hemorrhages on the mucosa of the small intestine simi-
lar to those seen in the syndrome of acute septicemia described by
Dr.R. Nelsen. '

3. Dilatetien ef the right heart

Observationss:

This perfusion scheuld be considered as an acute experiment
because of considerable difficulties with the initial operation
of the new machine.First of all there was difficulty with the aute-
claving.After 45 min.the Tygon tubing on all tight fittings had
split.Rubber washers on the pump heads seftened and stretched under
heat causing the intoke valves te stick.This caused the regurgitation
of blood back in te the cellecting cup on the arterial side.
The machine had te be sterilised in the 0ld fashion and this seamed
to be inadequate.The Graham transmission moter failed te work just
prior te starting the experiment and had te be hurriedly replaced.
Schertly after thk start of the perfusion it was notieed that



the venous return was censiderable than the output.The change

of speed of the motor or stroke lenglth on the venous side did
net improve the situation.This may have been either due te the
faulty pesition of one of the cannulas or te the use of tannulas
with te small dilameter.

The level in the cellecting cup fell te the critical peint
and the arterial motor began te hunt.In order to eliminate this
it was necessary te transfuse the machine and to decrease the
stroke legth of the arterial pump.

The arterial pressure level contrel seams to work satisfacte-
rily but since we coul net obtain adequate flews we can net de-
cide whether or not it will be adequate for large fleows e.g.

28500 - 3000 cc/min and mere. It may prove necessary te change
the arterial stroke velume during the precedure.

The by-pass unit had te be eliminated because of leakage.

Despite the large amount of heparins (100 mgm I.V. plus 120mgm
in the donor bleod) given te the deg there was a considerable amount
of fibrin deposited in the machine especially on the spiral
anti bubbling device.Ne one could remember silicenéng this part.

There were no bubbles seen on the arterial side of the machine.

During the procedure extensive hemorrhage essured from the
neck incision.This passed unnoticed until the conclusion of the
experiment.It was estimated that abeut 400 cc of bleed was lest
during the operation.Pestepcratively the deg centinued to ocoze
large quantities of bleed from the neck wound. Whether the failure
of the bleed to cleot was due te the acute septicemia which was
neted on autopsy or te incomplete neutralization of the heparin
could net be determined.

Cenclusions:
1.Larger caliber (5/8!') Tygon tubing must be obtained.

2.In order to test the art.pressure contrel system adequately
satisfactory venous filling should be obtained either by
a total perfusion or some other methed.

3.By-pass te be made of stainless steel.

4,.Spkral: will have to be reconstructed and siliconed
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Dec. 17, 1952

Partial Perfusien, Acute Experiment :
Purpese: Te gain further experience in the operatien of.the
new machine,

Procedure: 4000 cc. of dener bleed drawn after giving 3 mg.
ef heparin per kg. wt. te the dogs.Pump-exygenator net steril-
ized. Bleed pressure centrol mechanism used. Critical level

centrel operated manually.

Operative procedure: Femeoral vessels expesed bilaterally. Chest

opened Through third interspace(” this was an errer as it was inten-
ded te ge through the L4th space). Right caretid artery expesed.
Bleoed pressupe contrel mechanism cennected te the ieft femeoral
artery. Arterial return cannula inserted inte caretid artery.

Superier vena cava cannulated via azyges vein.

Time Comment & Pressure
11l:47 130 Arterial pump en.
11:48 130 dewn te 85. Venous pump en.Since the reseveir be-

gan te empty and the veneus bleed coming from the deg was taken
up by the oxygenaﬁér screens, 1100cc. of bleod was transfused inte
the resevoir. Pressure rose te 130.
12:00 100 cc. bleed added because ef low level in the.cup.
Pressure 135
12:10 Pressure 110, Neesynephrine ( 1 ce. of 1/1000 in 100
cec. saline ) drip started.Pressure up te 190 then leveled eoff te

145 at 12215 after stepping drip.



32215 Machine off to check sensing unit. BP 125
L2s28 Machine on. BP up to 140 then Drepped te 100 and
leveled off at 125. pH 7.30( uncerrected)

12331 400 cc. bleed remeved frem the reseveir. The clamp
on the transfusion tube had net been tightened sufficiently and
bleod had been running inte the reseveir unneticed.

12:48 Machine off.BP 100, Res e te 110 in 5 secs. and then
leveled off at 105.

Observations:
L.The Machine operated very well.Bleed pressure

remained fairly censtant at the desired level threughout,
altheugh it was necessary te give the deog 1200 cc. of bleed te
accomplish this. The initial drep in Pressure neticed when
the machine was connected and turned en may perhaps be pfeven—
ted by the prior administration of neeosynephrine.A methed will
be devised te operate the transfusion ef bleed inte the rese-
volr autematically by means of a selenoid en the tube.
2. New shuttle valves were used on the output sides
of the pumps and functiongd efficiently.
3. The cams foliowed the cam riders very wellwitheout
springs, since the opening between the bettom of the pump head

and the hese connection te the bellews had been enlarged.
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Purposes Te investigate the feasibility of using a dog's lung
as an e¢xygenater. ,

Method: Nen-sterile techninue used., Twe denor degs exsangulnated
after heparinizatien. The second deg's chest was opened post-
mortem and the lungs and heart remeved. Superier and inferier
venae cavae and aorta tied. Specimen placed in pan. Venous pump
‘outlet tube of DSK machine Cennected via cannula te pulmenary
artery. Left atrium connected te cellecting cup via tube. Arterilal
motor controlled bysubject's bleod pressure. Transfusien bottle
cennected te cellecting cup. Ne flowsmeter in circuit.

Precedurc: 16 Kg. dog anosthatized with 8 cc. sedium pembutal
I.V. M.S. and atrepine 4 -and 1/50 gr. respectively given,

Chest opened via incisien in 3d interspace, extending acress
entire anterier chest wall.Arterial cannula placed threugh left
subclavian artery inte aerta. Venous cannulas inte superier vena
cava threugh azyges v. and inf, vena cava through rt., auricular
sppendage.Rt. femeral art. connected te strain gauge and arterial
pressure contrel system. Dog given 48 mg. heparin i.v. Infusien
ef nermal saline started in rt. fem., veiln,

Time *Comment
12: 29 Rt. fem. artery cannulated. BP 100/95
12133 BP varies with respiratien frem 110/365te 1C0/95
12:41 Cann, in 1lt. subclavian artery. BP 120/115
12:58 SVC cann, in place. BP 110/ 105
1:14 BP 115/110
1:25 Bp 125/110
&1;26' Arterial pump en.BP 125/110, BP rese te 205/175 im

40 secs. wh at which time the venous meter was turned en. At

this peint the the arterial pump meter began te hunt, being turned
off when the BF it abeut 175 and starting when it fell te

abeut 150. This preduced a bleod pressure curve similar te that
preduced by the respiratory mevements of a nerm:l dog.

1330 Arterial streke decreased. BP stabilized at 11)/110
as hunting ceased.
1: 32 BP 105/95
1:36 Arterial stroke decreased because of hunting. BF fell
170/160 te 95/90 in 30 secs,
1:38 IVC cannula opened.BF 120/110. Venous stroke increased.
1:40 BP 125/11%

~1:h] IVC tied abeut cannula. BP 135/125

N1:43 SVC tied. BP 150/140
1:45 BP varies from 160/150 te 90/85 because of hunting.
1:46 100 cc. blood transfused. Pressure stabilized at 130/125

for 1 minute , then hunting began again at that BP level., Anether
100 cc. bleed given.

1:48 BP 75/70. 100 ce. bleed given.

1:49 BP 115/110

1291 BP 95/85




52 Arterial streoke increased. BP'rosabte 1#0/130

3§ B

1:54 BP 115/90. Neosynephrine drip (i cc. neo. 1:1000 in

50 cc. saline) started. : ' _

1: 56 BP 105/1C0. Stable for next 16 minutes.

2305 : BP 130/120. 50 cc. blood given. ;

2:06 “Ties off cavae. IVC. tube clamped.

2:07 “BP 150/140, Camn. removed from rt. atrlum, Protamine
‘started. . 4

2:08 SVC. tubing clamped. BP 145/13C.

2:09 SVC. cann. removed. BP same. 5

2¢10 - Pump eff and cann. out ef subclavian artery.BP 160/140

BP remained ‘stable .until the chest was clesed and the réspireter

was detached from tlie endetracheal tube.

23 38 BP 115/95. Pressure then gradually declined to zere
at 3:00., Chest opened rapidly and heart massaged. Digitalis given
but to ne avail. Deg expired at 3:10. X : - :

OBSERVATIONS. : : s :
i Oxygenation appeared te be ,goody altheugh the venous blded
appeared very dark, suggesting peer bleod flew.

2e An estimation of.bleod flow was made by clamping the arterial
cannula and allowing bleed te accuulate in the cllecting cup
over a period of 10 secs. The increased velume in the cup was
measured. Max. flow ebtained was 600 cec./ min,
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The peles on the micreswitch were reversedse that the meter
runs when the switch is epen.

When the cup 1s filled the weight of the bleod depresses the
lever arm which in turn epens the micreswitch allewing the
arterial moter teo run. :

I1f the level of the bleced falls the weight of the cup de-
ceeases. When the critical peint is reached, the spring
causes the lever to rise, closing the switch and stepping
the motor.

As bleed centinues to enter the cup , the lever falls, the
switch opens and the motor starts.



TOTAL PERFUSION. 12-31-52 P\;:<§§f?

Purpese: To test once more the feasibility eof using a lung as
an oxygenater. :

Metled: The same procedure was fellowed as on 12-29, except
that the orygenated blced frem the pulmenary veins of the dener
heart lung systemwas allewed tc drip freely inte a tank. From
here it was led threugh rubber tubing inte the cellecting cup.
Only one lung was used, the branches te the other lung having
been ligated as in the methed of Dr. Mustard.A flowmeter was
placed in the circuit en the arterial side. Nen-sterile tech-
nique used. 8 Kg. dog. Heparin, 3me/kg. given just prior te
insertien of cannulae.

Preocedure:

TIME COMMFENT

11:45 Cann, in aerta threugh 1t. subclavian artery. BP110/100

11350 SVCcann. in place. BP 115/110 v
N12/10 Machine en. BP 95/85.

12/12 BF 85/80. 150 cc. bleed transfused.
N 12/15 BP 85/80. 1200cc bleod/min. flow.

12/16 BP 50/4+5., 200 ¢c. bleed given.

12/39/¢cC BP 65/60. 100 cc. bleed given.

12/20 Rt. atrium dissected. Bp. 100/90.,
12/22 Auricular appendage incised. BP 105/100.
32723 In passing the cannula through-the right auricle

génto the inferier v na cava,névhole was punctured in
the pesterier wall ef the cava, just caudal te its
juncture with the atrium.BP fell te ¢0O/55. The hole
was clamped with a Mixter forceps, and cleosed with
a continuos O0CO silk suture., Some leakage of bjoed
persisted and the suture line was again grasped with

a Mixter forceps and a twill tape ligature was placed

below the clamp., This effectively centrelled the bleed-



ing.

12/28 BP 35/25. 250 cc. bleoed given,

12/29 100 _cc. bleed. Bp 50/45. IVC. cann. removed.
12/2% 75 cc. bleed. BP 757/6%.

12/30 75 ce. bleed. BP 85/75, IVC. hele repaired.
12/34% BP 85/80.

12/h2 ; Dog expired.

on examining m@e heart post-mortem, ;t was found that the cor-
enary sinus had been occluded by the twill tape ligature. The
heart had begun te enlarge immediately after the tie had Eeen
placed.,Auricula? fibrillatien and degth fellowed shertly.
The hole was made because. the short sive of the cannula used
made accurate diréction iﬁta the IVC, difficult. It apparently
caught in the opening of the cerenary sinus, then élipped out
suddenly and punctured the wall of the IVC.
The dog was never tetally perfﬁsed, as the IVC; cann., wés

never cennected to the machine,

Outside diameters of the cannulas used:

IVC-.300
SVC-.250
ART.".].BS



